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(54) Print mask for Inkjet printer 

(57) Various patterns, such as those derived from 
halftoning techniques, are applied to the design of print 
masks for inkjet printers (10) to improve print quality. 
Print masks are used to control the firing sequence of 
the nozzles (24) in a print head (12-15) in multiple pass 
printing mode and thereby determine the nozzles (24) 
that are to print in each particular media location. Such 
techniques as haiftoning techniques have been used to 
print gray scale images with bi-level printing to produce 
bi-level patterns that can be perceived as gray density 
by human eyes from a viewing distance. State-of-the- 
art print masks typically provide checkerboard patterns 



that are not sufficient to handle severe print artifacts. A 
novel triangular clustering print mask that may be de- 
rived from halftoning techniques is applied to produce 
an imperceptible printed pattern that covers up the 
banding artifacts caused by defective print head noz- 
zles. An alternative print mask that may be derived from 
a super smooth dithering matrix eliminates unpleasant 
artifacts caused by ink migration. Advanced halftoning 
techniques are applied to guide the ink migration in an 
imperceptible, super smooth dithering pattern. These 
print masking techniques have been demonstrated to 
be very effective in print quality improvement. 
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Description 

The present invention relates to a print mask for an 
inkjet printer, preferably also to an improved masking 
technique for reducing or eliminating banding artifacts 
and ink migration in output produced by Inkjet printers. 

State of the art inkjet printers form an image on a 
recording medium by depositing a pattern of ink drops 
onto the medium surface. Fig. 1 is a perspective view of 
a typical inkjet printer 10 which includes a plurality of 
print heads that are used alone and in combination to 
print color images on the recording medium 16. A com- 
plement of print heads includes a cyan print head (°C B ) 
12, a yellow print head fY") 13, a magenta print head 
("M") 14, and a black print head ("K") 15. By applying 
ink from these print heads in a specified pattern, the 
printer forms high resolution color images on the surface 
of the recording medium. 

Fig. 2 is a perspective view of a typical print head 
of the type used with the printer shown in Fig. 1 . The 
print head 20 is removably fitted into a recess (not 
shown) formed in the printer carriage. A contact array 
22 makes an electrical connection between the print 
head and the printer to couple various control signals to 
the print head that determine when and where the print 
head is to discharge ink. An array of ink ports 24 (also 
referred to as ink discharge nozzles) is oriented such 
that ink is discharged substantially perpendicular to the 
plane of the recording medium 25. 

The print head is operated to form a selected pat- 
tern on the nozzle array in accordance with the control 
signals applied thereto. Application of such control sig- 
nals opens and muffles the various ink ports to produce 
a selected ink discharge pattern at each print location 
on the recording medium surface. The print locations 
are referred to as pixels; the process of producing the 
ink discharge pattern is referred to as masking. 

In known printers, the print head is traversed back 
and forth across the surface of the recording medium to 
print a swath. The printing medium is incrementally ad- 
vanced periodically to permit the array of print head noz- 
zles to pass over another swath. 

The image formed by the printer is built up incre- 
mentally on the surface of the recording medium from 
thousands of dots. The quality of the image is ultimately 
dependent upon the quality of the individual dots and 
their interrelationship to each other. Ideally, each dot is 
a generally circular, well formed spot of dried ink that 
fills its proper pixel to the pixel boundaries without ex- 
tending into neighboring pixels. 

A number of factors can prevent the formation of 
such an ideal array of dots. For example, horizontal 
bands can be seen consistently in the dark areas of im- 
ages printed by inkjet printers. Such printers provide a 
color enhanced mode, and therefore are targeted to- 
ward high end users who require the highest possible 
print quality. The banding phenomenon in this mode is 
an undesirable print artifact and is considered unaccept- 



able to most users. Fig. 3 shows a printed image pro- 
duced by an inkjet printer, effectively 60X magnified, in 
which the banding phenomenon is pronounced (see, for 
example those portions of the image identified by nu- 

5 meric designators 31-33). 

The cause of the banding phenomenon is thought 
to be a combination of many contributing factors that re- 
sult in an inaccuracy in the positioning of one particular 
nozzle of the black ( B K°) pen. For example, print head 

10 related errors, such as differences in nozzle directional- 
ities; and paper related errors, such as those introduced 
by printing from a planar print head nozzle array to a 
curved recording medium, and by sine/cosine devia- 
tions of the printer paper gear mechanism from a perfect 

15 circle are all thought to contribute to the banding prob- 
lem. 

In some instances, the banding problem may be at- 
tributed to particular print head nozzles. For example, 
among all the nozzles operating in a black print head 

20 having 96 nozzles, the 48th nozzle may be positioned 
alittletoo low, i.e. too close to the 49th nozzle. As shown 
in Fig. 3, under a video microscope with 60X magnifica- 
tion, a narrow faint white line followed by a dark band 
(e.g. bands 31 -33) is clearly visible. As can be seen in 

25 the figure, not enough ink is deposited by the print head 
above the 48th nozzle line, while an overlap between 
the 48th and 49th nozzles shows that too much ink is 
deposited by the print head below the 48th nozzle line. 
The banding artifact occurs in the color enhanced 

30 print mode, which is a 2-pass printing mode. Fig. 4 is a 
schematic diagram that shows the recording medium 
advanced one-half of the print head size after the first 
pass printing is completed, and before the second pass 
printing starts. It has been determined that the banding 

35 frequency is substantially one-half the print head width, 
i.e. every 48 nozzle lines in a 96-nozzle print head. 

In the 2-pass print mode, each paper location is 
swept by the print head exactly twice. In the first pass 
(40), the print head deposits ink onto the recording me- 

40 dium for 96 pixel lines with one-half of the nozzles muf- 
fled by a mask. Then the print head advances for one- 
half of its size, that is, 48 pixel lines. In a second pass 
(42), the print head again deposits ink onto the recording 
medium with the other half of the nozzles muffled by an- 

45 other mask that must be complementary to the first 
mask. As shown in Fig. 4, there is a mask for the upper 
half of the first pass, referred to as 1 -U; and a mask for 
the lower half of the first pass, referred to as 1 -L. Simi- 
larly, masks are provided for the second pass, referred 

50 to as 2-U and 2-L, respectively. It can be seen in the 
figure that the first pass mask 1 -U complements the sec- 
ond pass mask 2-L; and that the first pass mask 1-L 
complements the second pass mask 2-U. 

The print masks used in most of the state of the art 

55 printers are variations of a checkerboard pattern. See, 
for example L. Lin, S. Classen, C.-H. Tsao, Spot Depo- 
sition For Liquid Ink Printing, U.S. Patent No. 4,748 : 453, 
31 May 1 988. Fig. 5 is a schematic diagram that shows 
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a 1 by 1 checkerboard print mask. Notice that the lower 
half of the print mask (i.e. nozzles 41 -48) is a mirror im- 
age of the upper half of the print mask (i.e. nozzles 
49-56). The disruption in checkerboard pattern along 
48th and 49th nozzle lines is not a contributing factor to s 
the banding problem. For further discussion of various 
known masking techniques, see M. Hickman, Print 
Quality of Dot Printer, U.S. Patent No. 4.965,593, 23 0c- 
tober 1993 (a technique of using multiple nozzles per 
pixel or pixel row to mask nozzle defects, including shin- io 
gling and the use of multiple nozzles to fill a given row 
of data); M. Hickman, Printing of Pixel Locations By An 
Inkjet Printer Using Multiple Nozzles For Each Pixel or 
Pixel Row, U.S. Patent No. 4,963,882, 16 October 1990 
(using multiple nozzles per pixel or pixel row to mask is 
nozzle defects; e.g. shingling techniques where multiple 
nozzles are used to fill a given row of data). It should be 
noted that ail known print masks rely on masking nozzle 
defects exclusively by patterning the print mask, but do 
not permanently muffle defective nozzles. 20 

Another problem encountered with inkjet printers is 
that of ink migration, in which droplets of ink coalesce 
during printing. Thus, if two neighboring pixels are to be 
printed, two droplets of ink are deposited onto the re- 
cording medium surface as the print head passes. Either 25 
the volume of ink is sufficiently large that the droplets of 
ink flow or bleed into each other before they can dry, or 
the surface of the recording medium lacks sufficient po- 
rosity to absorb the ink droplet of one pixel before an 
adjoining ink droplet is deposited onto the recording me- 30 
dium surface. The result in either case is run-together 
or improperly formed pixels. 

The problem of ink migration is exacerbated when 
there are multiple pixels formed adjacent one another 
before sufficient time has elapsed toallowthe inktodry, 35 
such that the recording medium becomes saturated with 
a pool of ink. See, M. Hickman, Print Quality of Dot Print- 
er, U.S. Patent No. 4,965,593, 23 October 1993, dis- 
cussed briefly above. 

While known techniques improve print quality, the 40 
banding and ink migration problems persist. 

The present invention seeks to provide improved 
inkjet printing. 

According to an aspect of the present invention, 
there is provided a print mask as specified in claim 1 . 45 

According to another aspect of the present inven- 
tion, there is provided a print mask as specified in claim 
6. 

The preferred embodiments can provide a simple 
and effective solution that reduces or substantially elim- so 
i nates banding and ink migration artifacts, while requir- 
ing only minimal modifications to current printer imple- 
mentations. Some embodiments address the banding 
and ink migration problems for inkjet printers and pro- 
vides a simple, effective, fast, and economical method ss 
for covering up banding and ink migration artifacts. 

In the preferred embodiment, with a print head hav- 
ing 96-nozzles, the print mask turns off the 48th nozzle 



in the second pass, upper mask 2-U, and prints the en- 
tire line with the 96th nozzle in first pass, lower mask 
1-L; and turns off the 49th nozzle in the first pass, lower 
mask 1-L, and prints the entire line with the 1st nozzle 
in second pass, upper mask 2-U. It applies various print 
mask patterns, such as a unique, asymmetric, comple- 
mentary print mask having 4 by 4 triangular clusters to 
a print head during multiple pass printing. The print 
mask accomplishes the foregoing while at the same 
time providing a smoother transition from swath to 
swath. By the application of image analysis, it has been 
verified that the preferred embodiments reduce or sub- 
stantially eliminate the banding phenomenon. 

Another embodiment applies such techniques as a 
super smooth dithering matrix to a print mask to reduce 
visible artifacts attributable to ink migration. This type of 
mask orients the ink migration in a controlled way, such 
that the artifacts are turned into small patterns that ap- 
pear to be smooth to human eyes. 

An embodiment of the present invention is de- 
scribed below, by way of example only, with reference 
to the accompanying drawings, in which: 

Fig. 1 is a perspective view of a typical inkjet printer 
that includes a plurality of print heads that are used 
alone and in combination to print colour images on 
the recording medium; 

Fig. 2 is a perspective view of a typical print head 
of the type used with the printer shown in Fig. 1 ; 

Fig. 3 is a printed image produced by an inkjet print- 
er, effectively 60X magnified, showing a banding 
phenomenon; 

Fig. 4 is a schematic diagram that shows the record- 
ing medium advanced one-half of the print head 
size after the first pass printing is completed, and 
before the second pass printing starts; 

Fig. 5 is a schematic diagram that shows a 1 by 1 
checkerboard print mask; 

Fig. 6 is a schematic diagram that shows a first em- 
bodiment of print mask having 4 by 4 triangular tiling 
clusters; 

Fig. 7 is printed image produced by an inkjet printer 
with a mask as in Fig. 6, effectively 60X magnified, 
showing the banding artifact reduced from that of 
the original image shown in Fig. 3; 

Fig. 8 is a graph showing an averaged intensity plot 
of the original image shown in Fig. 3; 

Fig. 9 is a graph showing a low pass filtered intensity 
plot of the original image shown in Fig. 3; 
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Fig. 10 is a graph showing the averaged intensity 
plot of the new image shown in Fig. 7; 

Fig. 11 is a graph showing the low pass filtered in- 
tensity plot of the new image shown in Fig. 7 ; 

Fig. 12 is a printed image produced by an inkjet 
printer, effectively 20X magnified, showing an ink 
migration phenomenon; 

Fig. 1 3 is a schematic diagram that shows a second 
embodiment of print mask derived from a super 
smooth dithering matrix according to a second; and 

Fig. 14 is printed image produced by an inkjet print- 
er with a mask as in Fig. 1 3, effectively 20X magni- 
fied, showing the ink migration artifact reduced from 
that of the original image shown in Fig. 12. 

The embodiments described address the banding 
and ink migration problems for inkjet printers and pro- 
vide a simple, effective, fast, and economical method 
for covering up banding and ink migration artifacts. They 
apply a unique print mask to a print head during multiple 
pass printing that uses the nozzles along the outer edg- 
es of the black print head to print in place of defective 
interior nozzles, while applying such techniques as half- 
toning techniques to smooth the transition from each 
printing pass. In a print head having 96-nozzles, the print 
mask turns off the 48th nozzle in the second pass, upper 
mask 2-U, and prints the entire line with the 96th nozzle 
in first pass, lower mask 1 -L; and turns off the 49th noz- 
zle in the first pass, lower mask 1 -L, and prints the entire 
line with the 1 st nozzle in second pass, upper mask 2-U. 
However, muffling defective nozzles and printing with 
complementary nozzles alone is not a particularly effec- 
tive solution to the banding problem because the output 
produced by this technique is too abrupt and results in 
more visible artifacts. 

Thus, the preferred embodiment also provides a 
unique mask pattern, such as an asymmetric set of com- 
plementary masks. For example, in Fig. 6 a print mask 
having 4 by 4 triangular tiling clusters has been found 
to provide the best balance between reduction of band- 
ing artifacts and increase in image granularity. In the fig- 
ure, a 4 by 4 pattern 60 is repeated for each of the first 
pass, lower mask 1 -L for pixel lines 1 -48 (shown for pixel 
lines 41-48 above the next occurring first pass, upper 
mask). That is, a triangular tiling mask is applied to the 
print head, such that those nozzles shown as black dots 
are allowed to print, while those nozzles shown as open 
dots are muffled. The 4 by 4 pattern is a triangular pat- 
tern that is repeated in the first pass, lower mask, for 
example for pixel lines 1-48. 

The first pass, upper mask 1-U, which is applied to 
pixel lines 49-96, is a complement to the first pass, lower 
mask 1-L. That is, instead of progressing from solid 
black dots to open dots in a repeated triangular pattern 



for each 4 by 4 mask matrix, the mask pattern progress- 
es from open dots to solid black dots in a complemen- 
tary, triangular pattern. Thus, when the second pass is 
printed, the second pass, upper mask 2-U prints black 

s dots over those areas of the first pass, lower mask 
where the ink nozzles were muffled (that is, where open 
dots are shown). The process is similar for the second 
pass, lower mask 2-L and the first pass, upper mask 
1-U. Accordingly, the second pass completes the print 

10 pattern for each pixel location by printing complemen- 
tary ink droplets in those areas that were masked during 
the first pass. It has been found that the repeated trian- 
gular 4 by 4 pattern described herein provides the ad- 
vantages of turning off the 48th nozzle in the second 

is pass, upper mask 2-U, and printing the entire line with 
the 96th nozzle in first pass, lower mask 1 -L (and turning 
off the 49th nozzle in the first pass, lower mask 1 -L, and 
printing the entire line with the 1st nozzle in second 
pass, upper mask 2-U), while avoiding the abrupt tran- 

20 sition associated with that technique. The mask herein 
described accordingly reduces or substantially elimi- 
nates the banding phenomenon. It should be appreciat- 
ed that various other mask patterns may be applied to 
reduce effectively undesired print artifacts. 

25 The clustering matrix applied herein may be derived 
from such techniques, for example as various known 
halftoning techniques, i.e. techniques that are used to 
produce continuous-tone images from two-level rendi- 
tions. See, for example B. Bayer, An Optimum Method 

30 For Two-Level Rendition Of Continuous-Tone Pictures 
Proceedings of the IEEE International Conference on 
Communications, pp. 26.11-26.15, 1973 (a dither pat- 
tern in which the apparent brightness of a rendition is 
controlled by the presence or absence of fixed-size dots 

35 on a regular picture lattice). 

The mask herein described is implemented in the 
control signals applied to the print head. Thus, conven- 
tional techniques used to open and muffle the various 
nozzles in the print head nozzle array are applied in such 

40 fashion to provide the herein described print mask. It is 
expected that such implementation is best provided in 
the form of a replacement program memory for existing 
printers, or as a hardware or software driver for newly 
manufactured printers. The actual implementation of the 

45 print mask in either hardware or software formats is con- 
sidered to be within the skill of those who have knowl- 
edge of the inkjet printer arts, when this skill is applied 
in view of the teachings herein. 

Fig. 7 is printed image produced by an inkjet printer, 

50 effectively 60X magnified, showing the banding artifact 
reduced from that of the original image shown in Fig. 3. 
By the application of image analysis, it has been verified 
that the mask reduces or substantially eliminates the 
banding phenomenon. To measure the amount of band- 

55 ing reduction produced by the mask, the average of in- 
tensity of each of the images shown in Fig. 3 and Fig. 5 
is first calculated across the vertical direction, i.e. per- 
pendicular to the direction of the horizontal bands. A low 
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pass filter is then applied to the averaged intensity to 
simulate the characteristics of the human vision system. 
The bw pass filter is obtained by applying the human 
vision model described in Q. Lin, Halftone Image Quality 
Analysis Based on a Human Vision Model, IS&T/SPIE s 
Int. Symp, on Electronic Imaging: Science & Technolo- 
gy, San Jose, CA, February 1993. 

Fig. 8 is a graph showing an averaged intensity plot 
of the original image shown in Fig. 3; and Fig. 9 is a 
graph showing a low pass filtered intensity plot of the io 
original image shown in Fig. 3. Notice that the three reg- 
ular patterns in both plots coincide with the three bands 
(31 -33) shown in Fig. 3. 

Fig. 10 is a graph showing the averaged intensity 
plot of the new image shown in Fig. 7; and Fig. 11 is a is 
graph showing the low pass filtered intensity plot of the 
new image shown in Fig. 7. Notice that the regular pat- 
terns in previous plots, which indicate the presence of 
banding, have disappeared in the plots shown in Figs. 
1 0 and 1 1 . Thus, Figs. 1 0 and 1 1 show that the mask is 20 
effective in reducing or substantially eliminating banding 
artifacts. 

Fig. 12 is a printed image produced by an Inkjet 
printer using a 1 by 1 checkerboard print mask, effec- 
tively 20X magnified, showing the ink migration phe- 2s 
nomenon discussed above. As shown in Fig. 12, several 
irregular, lighter areas (e.g. 120) are clearly visible. 
These areas occur randomly across the image and pro- 
duce an objectionable discontinuity in the appearance 
of the image. Substitution of other known checkerboard 30 
mask patterns did not alleviate the apparent discontinu- 
ity in the appearance of the image caused by ink migra- 
tion. While the foregoing halftoning techniques are 
known for producing halftone images, they have not 
been applied for other purposes. 35 

Fig. 1 3 is a schematic diagram that shows an assy- 
metric print mask derived, for example, from a super 
smooth dithering matrix according to a second embod- 
iment of mask. This embodiment of mask exploits the 
recognition that a halftoning technique, such as the use *o 
of a super smooth dithering matrix, provides a print 
mask that produces a subtly patterned print image in 
which the visible effects of ink migration are minimized 
or substantially eliminated. While gray scale and other 
techniques may be applied to the print data to produce 45 
a desired print image, there is provided a print mask that 
allows the print head to print the image in a way that 
guides the ink migration into patterns that are not per- 
ceivable to the human eye. It should be appreciated that 
various other print masks may be produced to guide the so 
ink migration into imperceptible patterns. 

In this example, a halftone -like pattern is applied to 
the print mask. The actual pattern used to smooth ink 
migration is a result of an engineering design tradeoff, 
although it has been found that the generation of a print ss 
mask from a super smooth dithering matrix produces the 
best results Application of the super smooth dithering 
technique usually involves a large matrix, e.g. 1 28 by 



128. Given a desired image intensity, this super smooth 
dithering matrix produces a dotted pattern that is prov- 
ably smooth when viewed from a distance. The process 
of generating a super smooth dithering matrix is de- 
scribed in R. Ulichney, The void-and-cluster method for 
dither array generation, Proceedings of SPIE, vol. 191 3, 
Human Vision, Visual Processing, and Digital Display 
IV, pp. 332-343, February 1993 (a method for generating 
homogenous ordered dither arrays built by identifying 
voids and clusters in intermediate patterns and relaxing 
the voids and clusters to optimize isotropy); and Q. Lin, 
Improving Halftone Uniformity and Tonal Response, 
Proceedings of IS&T Non-impact Printing Conference, 
pp. 377-380, November 1 994 (an algorithm that incor- 
porate a printer dot model and an adaptive filter to im- 
prove uniformity and tonal response of halftone patterns 
generated by the void-and-cluster algorithm). 

However, a super smooth dithering matrix may not 
directly solve the problem of perceptible ink migration 
because the original matrix yields a tile that might be too 
large with regard to hardware limitations. One aspect 
provides a submatrix in which an 8 by 8 portion of the 
upper left section of the original matrix is used to pro- 
duce a halftone pattern. The halftone pattern provides 
a print mask design that yields the desired result of ap- 
plying ink to the recording medium such that ink migra- 
tion produces an imperceptible pattern. It should be ap- 
preciated that one aspect of the super smooth dithering 
matrix is that a fair-sized submatrix of the original matrix 
is provably able to reproduce roughly the same density, 
which in the invention is preferably 50%. It is presently 
preferred to use an 8 by 8 matrix to achieve the best 
balance between image smoothness and tile granulari- 
ty, although the actual size of the submatrix is a matter 
of engineering design tradeoff. The original super 
smooth dithering matrix may be calculated for the both 
the desired image smoothness and tile granularity. 

Fig. 1 4 is printed image produced by an inkjet print- 
er in accordance with the invention, effectively 20X mag- 
nified, showing the ink migration artifact reduced from 
that of the original image shown in Fig. 12. In place of 
the random discontinuity that results from ink migration, 
the image has a pleasing textured appearance. 

There are several advantages to the entodiments 
described, including at least the following: 

1 . The masking techniques described herein are 
applied as a post process. Thus, there is no inter- 
ference to upstream processes, such as image half- 
toning or color separation. The approach described 
herein is implemented in an isolated step that re- 
moves or eliminates banding and/or ink migration 
at the final print stage. Regardless of how the im- 
ages are generated, the approach herein does not 
change the original image data, nor does it add pix- 
els to, or delete pixels from, the image formed on 
the recording medium. 

2. The masking techniques described herein are im- 
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plemented in a printer with only minimal modifica- 
tion to the current printer implementation. The ap- 
proach herein described only alters the firing se- 
quence of the nozzles of the black print head, while 
leaving the firing sequence of the color print heads 
unchanged. 

3. The masking techniques described herein are 
fast and economical. The approach herein de- 
scribed is implemented in a 2-pass, single-dot print 
mode as opposed to a 4-pass, multi-dot print mode 
that is currently used in the industry. Because print- 
ing is implemented in a 2-pass system, rather than 
a 4-pass system, the approach herein provides fast- 
er printing than the currently used solutions to the 
banding and ink migration problems. Because the 
approach herein does not consume extra ink, it is 
less expensive and it does not worsen paper cock- 
ling. 

In alternative embodiments, the mask pattern may 
be derived from a halftone pattern that may be, in turn, 
combined with a second mask pattern that is derived 
from the asymmetric masking technique described 
above, or each technique may be used independently 
of the other. Additionally, the mask is readily applied to 
multiple pass printing, e.g. three or more passes. 

The disclosures in United States patent application 
no. 08/363 : 447, from which this application claims pri- 
ority, and in the abstract accompanying this application 
are incorporated herein by reference. 



mask matrices (60) have superimposed thereover 
at least one additional halftone pattern. 

6. A print mask for an inkjet printer (10) with a multiple- 
s pass print mode, comprising at least two asymmet- 
ric mask matrices (60). 

7. A mask as in claim 6 : wherein said mask matrices 
(60) are produced in accordance with a super 

10 smooth dithering algorithm. 

8. A mask as in claim 6 or 7, wherein each mask matrix 
(60) is an 8 by 8 matrix. 

is 9. a mask as in claim 6, 7 or 8, wherein said mask 
matrices (60) are derived from a submatrix of a su- 
per smooth dithering algorithm. 

10. A mask as in any one of claims 6 to 9, wherein said 
20 mask matrices (60) have superimposed thereover 
at least one additional pattern. 
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Claims 



1 . A print mask for an inkjet printer ( 1 0) with a multiple- 35 
pass print mode, including at least one printhead 

(1 2-1 5) with a plurality of ink discharge nozzle (24), 
comprising: 

at least two mask matrices (60), each mask ma- 40 
trix providing a halftone nozzle pattern; 
wherein at least one of said ink discharge noz- 
zles (24) is permanently muffled substantially 
to reduce or eliminate printing artifacts gener- 
ated by said nozzle. 45 

2. A mask as in claim 1 , wherein said mask matrices 
(60) are produced in accordance with a clustering 
halftone algorithm. 

so 

3. A mask as in claim 1 or 2, wherein each mask matrix 
(60) is a 4 by 4 matrix. 

4. A mask as in any preceding claim, wherein said 
mask matrices (60) have a generally triangular tiling 55 
shape. 

5. A mask as in any preceding claim, wherein said 
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